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(71) We, DYNAMlT NOBEL AKTIENGESEIXSCHAFT, a Gcnnan 
cam^ny, of 521 Troisdoif, near Cologne, Gennanyj do hereby declare the inventioDs 
for yifbich we pxay diat a patent may be granted to and tite m^hod by which xt is m 
be petfonnedj to be partladarly described in and the foUowxng statement:-*— 

5 This invention relate to siUcon-Kximaimng diondane derivatives and dieir use hi 5 

the prepaxatioii of oirganosOane esters contR,faihig an ^poocy groop* 

Qt^ganosilanes ammhimg an qpoxy gtmp have been commercially uaed for ft 
number of diffeteoc purposes. For exampht, they axe used as adhesives for bcnAog 
organic potymers, such as epoxide resins or phoudlc resins^ to glass fibres, mats or 

10 rovings, and for nxmnyving adheam in die binding <rf sand castb^ numlcb. S u cces sf ul 10 
attempts have also been znade to baaprom the adl^ion between phtstics and metals fay 
usfa^ oxganosibnes of this kind* 

in accordance with the uiveuLioi^ it has been found that hitherto unknown 
BilicQn-containing dioxolane dezivatxTes can be used as starting mstezials m the pxepara-* 

15 tion of sudi oiganosilane esters. These silicon^ontaining diozolane derivatives are I5 
compounds having the general formula : 




0- 0 

in which aisOorl^Xisa smgle oxygen atom or two hydrogen atcmsj and and 
are the same or different and axe each an vJIkyi gmjpn Such silicQn-CQniauiixig dtoynlane 
20 derivatives can be used to {nepare an organosilane ester having the general focmnla: 



20 



^0^ 

m which a, R' and R^' are as defined above, by the process which comprises heating 
the ^osokne derivative, resulting in the fibecuion of carfocm dioxide (when X is a 
sin^e oxygen atom) or foxmalddiide (when X is two hydrogen atoms). 

„ The siHcon-containing dioxolane derivative can be prepared by the jnrocess vrbkb 

^ comprises reacting a confound having die general fbinuila: 
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CHi CH— CHj— O—CHi— CH=«CHi 

I r 

0 0 

\^ 

u 

kt wUdi X is as defined abovei «idi a ukne luTing the general fomuila: 

SiH (0R")»* 

in wliidi a, R' end R" axe as defined aban, in die presence ttf a platiQuni compound. 
5 In tiie geneial fotnitilae given aboTC, R' and R'^ are preferably alkyi groups cotl- 5 

taniing £cQDl X tO 4 CarbOQ ftUUQS. ' , 

The pto»8 in whidi tiw sUictm contaiiimg didxolane derivatives are h e a t ed is 
pr c fe i a Mly carried out under noimal pressore in mcuo. Whm it is caziied oat imder 
noxmal pressure^ carbon dioxide or formaldehyde can be liberated at temperatures of 

10 fam 13a to 240''C; inrefeiably at t emp ei at ures of from 140 to 180°CL Some HbessticBi 10 
also takes place at lower teoperatores, especially whm catalysts, such as cakdmn oodde 
for escample^ are present. The liberation of caAon dioxide or fonnalddxyde can also 
be carried out at lower temperatores when the process is carried out m vacuo. In this 
case, it is of advantage to heat the derivative to its boiling point at the partiodar 

15 reduced pressure. Since the organosilane ester formed has a Ismex boiling point tiian 15 
the dioxolane derivative, this procedure has the advantage thatrthe teqimed organo- 
sQane ester can be directly s^arated off from ibe reaction zone by use of a reflux 
cohmuu 

In anotl]^ preferred embodiment of the pri^xaraticm of the ors?2N>silane ester, 
20 liberation is carried out m the presence of a compound whidb binds the caxbtm dioxide 20 
or the fbrmaldefayde liberated without r^ctzng &&sr with the -dioxokoe derivative or 
with the organosOane ester. Examples of such om^ounds are. alkftltne earth mmls 
oxides (for example calcium oxide) or other basic metal oxides (fat example zinc oxide), 
and gtfcaltfip earth metal carbonates. These conqmrnds are preferably used in stQidmH * 
25 metric quantities widi respect to the dioxolane derivative. 25 
As noted above, the siUam^ntaining dioxolane derivatives can be prepared by 
die chemical addition of 4-anylaxymethyIr2-«o-la3-dioxolane or 4-allylaxynie:rt]yl-l,3- 
diozolane to a di- or tri-alfeoxy hydrogen silane in the presoice of a platinum CQtnK>und 
as a catalyst. The addition can take place at a tenqietature as low as ab<HXC 70^C. The 
30 reaction is preferably carried out in a solvent whidi is inert to the dioxokne, the 
dioxolane derivative and the silane. 

Esamples of dioxolane derivatives within the above general formulae ate 4-(3- 
trxmethoxysilylpropoxymethyl)-2-OKO-l^-dioxolaiie and 4 - (3 trxmethn^psilj^prop^ 
axymeti^r)-l33-diaxolane, both of which form 3-glytddylamxropyl trimcthoxyakne 
35 upoa h^tmg, the first. thsm^ the dfmination of carbon dionde and the aecond 35 
Ifarou^ the. liberation of formaldehyde. 

The invention will now be illustrated by die following HxampTes. 

EXAMPLE 1 

840 g of 4-(3'-trxmethaxy8ilylpzt^oxymethy]^2-oxo-l53HiioxoIan^ were boiled 
40 vigoronsfy verth 170 g of dry calcium oxide at S Torr in a 12-plate vacuum distilbtion 40 
column mnrgTTiwig a multifil filKng mA a gap volume of 96%. There were obtained 
701 g of a distillate having a boHmg point of 124— IZe'^C (5 Torr)^ a refr a ctive index 
[nn*" of 1.4278, and a dei^cy [D^*"] of 1.070 over a period of three hours at a reflux 
rario of 8. The distillate ms substantially pure 3'-e^ci<^o^irprcq)yl trimetfapxysilane, 
45 its re£active index, deo^ and IR-spectrum being fdentfcal to those of a Epedmm 45 
known to be 3-gJycidyloxypropyl trhn^iioxysitene. . 

EXAMFLE2 

The following reacdon was carried out in a 4*litre mufd-nedoed Bb& equqyped 
widi a fiat paddle mtxer;i two dropping funnels, an intenial diermometer and a reflux 
50 condensa, under an atmosphere of nicrogen. 50 
0.5 ml of a 1/100 mokr soludon of cfaloroplatiiuc acid in acetone was stirred into 
316 g of 4-anyloxvmethyi-2>43xO'13-di0XQkne in the flasi^ and the resulting mixture 
heated tp 70''C The heat was removed and the reacdon carr&d ont over a pecfod of 
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tbree hours by tiie sumihancoos dropwise addidon of 1464 of ^metfaozysSane and 
1S80 g of 4«all;^oxyniediy^2*oaa>"l^ »dioxo1an^ at a reaction tempentme kept at 
70'C by external oooling. This was followed by silrrixig for 1 hour at 70^*0 Thz 
colourless to pale yellow reaction product consisted of 4-(3'"trimeth0rysilylpropoxy- 
5 inethyl>2-oxo-l,3-'dioxo]ane. Distillation in vacuo gave a yield of 3344 g. The distillate 5 
had a boiling point of 155 X (2 Torr), a refractive index [ns>^] of 1.4389, and a 
density [D^**'] of 1,184. The product formed a dear solution in water. Elemental 
analysis for doHsoOySi (MW=280) gave the following results: 

C(%) H(%) 0(%) Si(%) 
10 calculated: 4Z8 7.14 30.06 10.0 

fbimd: 42.9 73 29.6 10.2 

The IR-q;iectnim diowol a strong carbonyl band at 1799 cm*^ dne to the C=0 
group on the dkoolane zing. 

EXAMPLES _ 
15 A reacdon was carried out as in Exanqde 2 by inztially introdndng 288 g of 1> 

4-anyIoxyniethyl-13-dioKokuie togedier widi 0 J ml of catalyst into the flask, and 
sxniuhaneously adding dropwise 1464 g of trimetfaozysilaiie and 1440 g of 4-allyk)zy^ 
med]34-13*diasoIaiie at a temperature of TO^C 

The coknirie^ to pale yellow crude product was 4-(3'-trimethoxysilylpropoxy- 
20 mediyI)-l>3-di<n:olane. Di^ilbtion in vacua gave a yidd of 3179 g. The product luid « 
a boiling point of 128*'C (2 Torr) a refractive index [ud*^] of 1.4362, and a denrfty 
[D^*^] of L062. The product formed a dear solution in water. 

Elemental analysis iar QoHaPaSi (MW=266) gave the foUowmg results: 

^ C(%) H(%) Si(%) ^ 

25 calculated: 45.1 10.5 25 

found: 453 8.4 10.4 

WHAT WE CLAIM IS:-r- 

1. A siItcQn-onxtainmg diozohne deajvative having the general fomuk: 

CH— CHf-o — ^HtV"S^ f4 

30 in which aisOorl^Xisa single ox3^en atom or two hydrogen atoms^ and B/ and R'^ 30 
are the same or different and are each an alkyl group. 

2. A diozobne derivative as claimed in chim 1, in which R' and R'' are eadi an 
alkyl group containing from 1 to 4 carbon atoms. 

3. 4-g«Trimcthoxy8ilyJ^ropoxynicdi3d>2-oxo-l53-dioxolane. 

35 4. 4-<3-Trimethoxyril3dpropoxymcthyO-l*3-diQxoIaM 35 

5. A process for die pieparadon of a silicon-OQntatning dioxolane derivative as 
claimed in dam U "widdh cooiinnses reacting a conqpound having dse general formula : 

Oix CH— CHi~0— CH»— CH=»CH]L 

0 0 

II 

X 

in widch. X is as defined in daim 1, widx a sQane having the genenl ftwnmla: 

40 SiH (RO. C<»">^* 40 

in wliich s, R' and ace as defined ia dsam 1, ia ibe piesenoe of a platanim 
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6. A process aconding to daim 5, in which the icacdon is cazzied oat hi a solrah 
wfaidi is inert to tiie leactants and tiie leactiaii piodoct 

7. A process for the prcpaiattoo of a sOicQn-^containiDg dloxolane derivative^ sub< 
stantially as descxi&ed in the foregoing Example 2 or Example 3. 

S 8. A silicon-coDtaining diozolase derivative whenever obtained by the process 5 

claimed in any one of claims S to 7. 

9. A process for the preparation of an organodlane ester having the general 
foimnk: 

CL 

10 in which a, and axe as defined in daim 1^ which comprises halting a siliccm- 10 O 
containing dioxolane derivative as claimed in any one of claims 1 to 4 and 8. w 

10. A process according to daim 9^ in which the siHam-aHitainfaig diosolaae m 
derivative is heated at a tefx^Mstattoe of from 130 to 240°C ^ 

11. A process according to claim 10, in which the silicon-amtBimog diozolane qq 
15 derivative is heated at a temperature of from 140 to ISO^'C 15 ^ 

12. A process according to dahn 9j 10 or 11, in whicfa tibe siEcotMoataining t 
diQ3colase derivative is heated m vacuo. 

13. A {process according to airy one of datms 9 to 12, in urtucfa the siHcon-con- ^ 
taining duncolaoe derivative is heated in fte presence of a compound vriddi binds the ^ 

20 carbon dioxide or fbanaldehyde Hberated by heating. 20 ^ 

14. A process according to daim 13a hi whicfa the con^omul is caldom oxide. 

15. A process for the preparation of an organosilane ester, substantially as CO 
described in the foregoing Erampk I. LLI 

16. An organosilane ester having the general f(mnnla; QQ 

25 CHt~CH— CHi— 0-^CHi-V-&RL(OR03-a 25 

in which a, R' and R" are as defined in daim 1, whenever obtained by the process 
dahned in any one of dahns 9 to 15. 

17. An oi^anosilane estv as daimed in daim 16, in whidx R' and R" are eadi 
an aO^l group contaming from 1 to 4 carbon atoms. 

30 18. An organosOane estex as dauned m dahn 17> die ester bdng 3-^yddybngr- 30 

propyl trimetfaoxysilane. 

HASELTINE, LAKE & CO.a 
Chartered Patent Agents 
28« Southampton Builidings» 
Chancery Lane, 
London, W.C2. 
Agents for the Applicants. 



Printed for Her HCajesiQr'B Stationery Office, by the CouTier Press. Leamingtan Spa. 1974. 
PaUished hy The Patent Office, 26 Southampton Buildings, London, WQ3A lATi mt^ 

jndxik copies may he obtain^ 



